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Öµ6¦ÌDØ�7?8&Îg7?6'Ø�ÖY6	ÛD8�7gÕ
ú�4	7?6'Îg7Dî ýUþOÿ9þYÔbñ * � % *���ñ Ý � % Ý �������Uñ � � % � ógÔ5ÖµÏ¥Î?Ì�6�å�7�8�ã	3bõM6
î�8-7?7 A Ð	Ð�7K6'Ø	ÖM� A ó�Ï&ã'ÌbÏ I ÖY8Må�3�4'6'Ø�7?Ø å�ù
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Ï�ã'728-æ�Ì�éYéY7?8-Ï£ÖY6'Ø�7)�¦ÜP35ÍMõMã	ÖYÎ;ã � �!�)
	 9 * % ! 5 + /

Ëz6 Ï�ã'7·ÎKÌ58-7·3�ÜJÏ&ã	7 îUö�ð&òªó�ÎgÍ&358&8¦8�7?ÎgÏ�ÖY3�6�ÔMÜP35Í�7)�	Ì�æ
Ð	éY7�Ô
��ú�/ªî���ó*Û5Öµä57?8�4	Ð	Ð�7KÍ�Ì�6'Ø�éY3bõ�7?Í�å�3�4'6'Ø	8¥3�6¦Ï�ã	7�îPö�ð;òªó*Í&7?Ì5ÎjÕ
Ï�ÖY3�6 Ð	Í&3�å'Ì�å	ÖYéµÖµÏ ù�Ô4I!J��4N Q R;Ô�õMã	ÖYÎ;ã ÖG8�Í&7KéGÌbÏ&7?Ø�Ï�3DÏ�ã	7JÎgÍ&358&8¥8-79ÎjÕ
Ï�ÖY3�6·å�ùA��ú�/+î��5ój/2ø£ã'7�å�3�4	6'Ø'8�ÖY6 ��ú�/+î��5ó�Ø�7KÐ�7K6'Ø 3�6	éYù¿3�6
Ï�ã'7£ÜP3�Í&æ
Ì�Ï�ÖY3�6DÐ	Í�35å'Ì�å'ÖµéYÖ�Ï&Öµ798£î�ñ ! Ì�6'Ø % ! ójÔ5Ì�6'Ø�Ï�ã	7£æ
7?Ì58-4	Í&7?Ø
Í&7?Ì�ÎgÏ�ÖY3�6ZÐ	Í&3�å'Ì�å	ÖYéµÖµÏ ù�ÜP35Í�Ï�ã'7�8�4	Í�Í&3�Û�ÌbÏ&7£îUïjðUñ�òªó�Í�79Ì�ÎgÏ�ÖY3�6�î + ógÔ
å	4�Ï�6'3�Ï�3�6�Ï�ã'7ZÙÚ8�8�ÖY3�6 Ð	Í�35å'Ì�å'ÖµéYÖ�Ï&Öµ798 & ! /
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Ëz6�Ï&ã	7£éµÖYæ
Ö�Ï�õMã	7?Í�7�Ï�ã	7¥ÜP35Í�æ�ÌbÏ&Öµ356�Ð	Í&3�Îg798�8�7?8�ÜP3�Í+Ï�ã'7¥Í&7?Ì5ÎjÕ
Ï�ÖY3�6¿3�Ü*Öµ6�Ï&7KÍ&7?8-Ï#Ì�6'Ø�Ï&ã	7�8�4	Í&Í�35Û5ÌbÏ&7ZÍ�79Ì�ÎjÏ&Öµ356�åÚ79Îg3�æ
72ÖGØ�7?6�Õ
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Ëz6
Ï�ã'ÖY8¥8-Ð�7?ÎKÖYÌ�éÚÎ?Ì�8�7�Ô�Ï&ã	7�4	Ð'ÐÚ7?Í¥Ì�6'Ø
éµ3bõ¥7KÍ�éYÖYæ¨ÖµÏ&8�ÖY6���ú�/'î��5ó
ÎgéY7?Ì�Í�éYù·ÎK3�6�ä�7?Í�Û57¨Ï�3¿Ï&ã	7¦8&Ì�æ
7�äbÌ�éY4	7�Ô + Ô�Ì�827	��ÐÚ79ÎjÏ&7?Øª/¿Ëz6
Ï�ã'7�ÎKÌ�8�7
3�Ü¥Ï�ã	7 Ý&Þ&ß à�îUö�ð&òªóZÎKÍ�3�8�8J8�7?ÎgÏ�ÖY3�6�Ô�8�ÖYæ�4	éGÌbÏ&7?Ø·ÜPÍ�35æ
æ
7?Ì58-4	Í&7?Ø Ý�Þ�í àDîPïjðUñ�òªó�Ø'ÌbÏ&Ì'Ô�Ï�ã	7�ÜP3�Í&æ�ÌbÏ&Öµ356�Ð	Í&3�ÎK7?8&8-798�Ì�Í�7
æ�Ì�Í���79Ø�éµù�Ø�Ö���7?Í�7?65Ï9Ô+Ì�6'Ø�Ï�ã'7KÍ&7gÜP3�Í&7 ��ú�/�î��5óJØ	3�79826	3�Ï�Ð	Í&3�Õ
ä�ÖYØ	72Ì�Ï&ÖµÛ5ã�ÏMÎK3�6'8-Ï�Í;Ì�ÖY6�Ï?Ô	Ì58M8-ã	3bõM6 ÖY6_�+ÖYÛ'/ªÒ5/

ø£ã	7�åÚ354	6'Ø	8
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Ì¿ÜP7?õJÔ�ú�4'Ì�éµÖµÏ&Ì�Ï�ÖYä�7�Ì58�8�4	æ
Ð�Ï&Öµ356'8DÌ�Í�7�æ�Ì�Ø�7�Ì�å�3�4�Ï¨Ï�ã'7¦ÙÚ8-Õ
8�Öµ356¦Ð	Í&3�å'Ì�å	ÖYéµÖµÏ�ÖY7?8�I Q î�EHG	ð)Z [ ó�ÖY6 ��ú�8?/ªî ÒSó�Ì�6'Ø î � ój/KB�Ï&ÌbÏ&7?Ø
Ì�6'3�Ï�ã'7KÍ#õ£ÌSù�Ô�õ¥7�õMÖYéµé+ÖG8-35éYÌ�Ï�72Ï&ã	358�72ÜP79ÌbÏ&4	Í�798#3�Ü�Ï�ã	7DÙÚ8&8-ÖY3�6
æ
3�Ø�7Ké'Ï�ã'Ì�Ï�Ì�Í&7�8-4 7�ÎKÖµ7?6�Ï*Ï�32Í&7KÐ'Í�3�Ø�4'ÎK7£Ï�ã	7#Û�7K6'7KÍ;Ì�é�å�7Kã'ÌSä�Õ
ÖY3�Í�3�Ü�Ï&ã	7�Ø�79Ø�4'Îg79Ø�ÎgÍ&358&8M8-79ÎjÏ�ÖY3�6�/�Ëz6�ÑµÒjÓ×Ô�Ì¨ÜUÌ�ÖYÍ�éYù�8�3�Ð'ã	ÖY8-Ï�ÖµÕ
ÎKÌ�Ï�79ØXÙÚ8�8�ÖY3�6Zæ
3�Ø	7Ké�åÚÌ�8�7?ØZ3�6XÏ&ã	7��¥3�ã	Í�Ï�Í;Ì�6'8�Ö�Ï&Öµ356�Õz8 Ï;ÌbÏ�7�ã�ù�Õ
Ð�3�Ï�ã'7?8�ÖY8JÑ �bÓ�õ£Ì�8¥4'8�7?Ø¦Ï�3�ÎKÌ�éYÎK4	éGÌbÏ�7�Ï�ã'7 I Q î`E G ð	Z [ ó¥äbÌ�éY4	7?8?/
ø£ã	7Dã�ù�Ð�3�Ï&ã	7?8�ÖY8#Ï�ãÚÌbÏZéµ3bõ£ÕT7K6	7?Í�Û5ù¦6�4'ÎKéµ79Ì�Í�ÙÚ8�8�ÖY3�6¿Ð	Í&3�Îg7K79Ø	8
Ï�ã'Í�354	Û�ã§8 Ï;ÌbÏ&7?8ZõMÖµÏ�ã�õ¥7KéYé�ÕzØ�7gÙÚ6	7?Ø�ú�4'Ì�6�Ï�4'æü6�4	æ�å�7KÍ;8Zõ£Ì�8
ÖY6'Îg35Í�Ð�3�Í;ÌbÏ&7?ØZÖY65Ï&3XÌXØ�354	å	éY7gÕTã�4'æ¨Ð�7?Ø2ÙÚ8&8-ÖY3�6�ÕTå'Ì�Í�Í&Öµ7?Í�æ
3�Ø�7Ké×/��ÖY8&ÎgÍ&7gÏ&7£Ì�6'Ø
Îg3565Ï&Öµ6�4	4'æ 8-Ï&ÌbÏ&7?8�õ¥7KÍ&7£4'8-79Ø�ÖY6¨Ï�ã	7£ÙÚÍ&8-Ï*õ�7?éµé×Ô
Ì�6ÚØZ3�6ZÏ�35ÐJ3�Ü	79Ì�Î;ãZå'Ì�Í&Í&Öµ7?Í�Öµ6ZÏ&ã	7�æ
3�Ø�7?é�/�Ëz6JÏ�ã	ÖG8�ÐÚÌ�Ð�7KÍ9Ô?Ï&ã	7
ÎKÌ�éYÎK4	éGÌbÏ�79Ø�ÙÚ8&8�Öµ356¦Ð	Í&3�å'Ì�å	ÖYéµÖµÏ�ÖY7?8?Ô I Q î`E G	ð	Z [ ógÔ'Ì�Í&7�Ì�6'Ì�éYù48K7?Ø
Ï�3JÍ&7Kä57?Ì�é5Ï&ã	7KÖYÍ*Ð�7KÍ�Ï�ÖY6	7K6�Ï*ÜP79ÌbÏ&4	Í�798K/�ø£ã	798-7£Ð	Í&3�å'Ì�å	ÖYéµÖµÏ�ÖY7?8�Ì�Í�7
Í&7KÐ	Í&3�Ø�4'Îg79Ø�ÜPÍ�35æ ÑµÒgÓ+Öµ6 �+ÖYÛ'/ � Ì�8�Ì
ÜP4'6'ÎjÏ&Öµ356�3�Ü�7	�	ÎKÖ�Ï;ÌbÏ�ÖY3�6
7K6'7KÍ&Û�ù�ÖY6¦Ï&ã	7�ÎK3�æ
ÐÚ354	6'Ø 8-ù�8-Ï�7?æ /*ø£ã'7 I Q î`EHGÚð	Z [ ó£ÎK4	Í�ä57?8
ÎKÌ�6§åÚ7�Ð'Ì�Í-Ï&Ö�Ï&Öµ356	7?Ø·ÖY65Ï&3�Ï�ã	Í&7K7�Û5Í�354	Ð'8?/�ø£ã	7�Ð	Í&3�å'Ì�å	ÖµéYÖµÏ�ÖY7?8
3�ÜJÙ�8�8�Öµ356�ÜPÍ�35æ Z [ S 4 ;�Ì�6'Ø Ò 9 ÎK3�æ
Ð�3�4	6'Øê8 Ï;ÌbÏ�798¦Ì�Í�7
Ï�ã'7¨8�æ�Ì�éYéµ798 Ï9/ A 8#õ£Ì�8�7	��Ð	éGÌ�ÖY6	79Ø¿Öµ6 Ñ�ÒKÓ×Ô�Ï&ã	ÖY8XÖG8ZØ�4	7DÏ�3�Ï&ã	7
ÜUÌ�ÎgÏ�Ï&ã'ÌbÏ�6	3 4 ;�8-Ï&Ì�Ï�798KÔ�Ì�6'Ø2356	éµùXÏ õ¥3�Ò 9 8 Ï;ÌbÏ&7?8+ÎKÌ�6DåÚ7£Îg356�Õ
8-Ï�Í&4'ÎjÏ&7?ØDåÚ7?éµ3bõôÏ�ã	7£Ð'Ì�ÖµÍ&Öµ6'Û�Û�Ì�Ð'8�ÌbÏ�Ï&ã	7¥ÙÚ8�8�ÖY3�6D8&Ì�Ø'Ø�éµ798K/��¥ù
Îg356�Ï�Í;Ì�8-Ï?Ô�Ï�ã	7 Z [ S 4:9 Ô �<9 Ô�� 9 Ô � 9 Ô�Ì�6'Ø"! 9 æ
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En (MeV)#%$�&�')(�*%#%+-,�,�+-.0/21435.�687�64+-9:+<;�=?>@.�3A;5BDC
EGF5HJILKNMPORQTST35CU7�VW;5+:.�/YX�1D9-.�;�;5CUZ7�,[7\>^]D/4V_;5+-.0/`.�>�+-/DV_+�ZaCJ/b;c/DC_]4;�35.0/`CJ/4C_35d�=b'"e�BDCfZ4.�;�;5CJZ`9-+-/DCJ,,�BD.Ug";5B4Ch6T.0]4/8Z4, +-ic1T.0,�CJZj6k=�l
m8'8Kon)SWXb7�/8Z2;5BDChp89-9-CUZLVJ+<35VJ9-CJ,�7�35C;5BDC?C_q47�V_;�VU7�9-VJ]49�7r;5+-.0/D,�1TC_3�>^.�35icCUZs]4,�+-/DdL;5B4C?ic.kZ4CJ9t+-/�u<(_vo'
w_xty{z�|b}{y�~Rw������a�����a���[���W|b�8�@�Ty�|4�Yy������kwWx�~
wW|�wWx�y��A~W~W��|4����W|T�ry0~W~2~5wJ�k�WwW�^�t�\�bw�wWxty�z�|b}{y�~Rw��^���r�@�Ty��DwL�ty��Tw_�W|4��y��ty��W�4��y0~��� x�y��r|a�_�_y�~W�Y|4���T�^�t���)�az���y�~j|k�����������t �¡ ¢t£c�k�_yfz^�a�W�4ya� � xty�_y�¤¥�a���t�^�t�¦�a�_|a���§|a���Y~_~W��|4�§�t�_|a�Y�k�t�^z���wW�^y�~fz^�^y�~�~W|a¤fy�}�x�y��_y�Ayrw5}{y�y��\w_xty�~Wycyr¨8w_�Wy�¤sy0~��© �swWxty�~W�t�^�W��wª|k�%«�¬A�t��­D£U®a}{y�~Ry�y�¯cw_|[�r|4��~5w_�_�a���s�ª°^±8² �0³ ��� ± £�4~W~W�t¤f�^�t�?wWx��kw wWx�y����Y���2�� �¡P¢t£ ���k�j�Ay��4�W|4�t�Yy0�j�a~P�^�[´����Y�0µT®���Tw�}��:w_xt|a�Tw��k�8¶f�o�t�WwWx�y����a~_~R��¤s�twW�^|a��~{�k�A|a�Tw{wWx�yL�����Ty��_z^¶4·�^�t�¸��xD¶T~W�^��~��º¹�~R�^�t�»w_xty`�t|aw_�kwW�^|a���^�4w_�W|T�T�Y�ry����a�Y|b�4ya®?}{y}��_��wWy�� � ��� �  r¡ ¢ £�¼¾½�¿2�o|4��wWx�y�¤fy�¤��Yy��_~2|k��wWxty����J~5w��À��4�Á�Y�k���»�kw[wWxtyÂ~W�4�t�Tz^ya®�� � ��� �  _�TÃ
£s�Ä� � ��� �  �Å��h£s¼Ä½JÆk®
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#%$�&�'��k*P#%+:,�,�+-.�/c1435.06D7�64+:9-+<;5+-CJ,����DK��	�kO�

�DSWX0VU7�9-VJ]D9:7�;5CJZj+:/su-(_v87�/8Z1D9-.�;�;5CUZj>@.�3�Z4+��tC_35CJ/b;
,�1D+-/D,�7�/DZ[1D7�35+<;5+-CJ,�7�,h7?>@]4/DV_;5+-.0/[.�>YCWq4V_+-;R7��;5+-.0/2CJ/DCW35d�=b'Pe�B4C�VJ]a3��)CJ,%BD7��0C�6TCJCJ/2VJ9:7�,�,�+<pDCUZ�+-/b;5.�;5Ba35CJC�d�35.0]D14,JX,�BD.Ugª/¥7�,�,�.�9-+�ZtXtZD7�,�BDCUZtX87�/8ZfZa.�;���ZD7�,�BDCUZ�9-+:/4CJ,JXt7�/8Z�9:7�6TCJ9-CUZf6b=;5BDC�7�1D1a35.01435+:7r;5C�,�1D+-/D,ª+-/s;5BDC�9-CJd�CJ/8Zt'
$ /s1D7�3�;5+-VJ]49�7r3UX8;5BDC{9:.Ug�CJ,G;1435.�687�6D+-9-+-;�=�VJ]43��0CJ,?VJ.�3�35CJ,�1T.0/DZ�;5.[p8,�,�+-.0/\>^35.�i ;5BDC���� 7�/DZ�(��,G;R7�;5C_,J' e�BDC��)C_3�;5+-VU7�9ªZ4.�;�;5CJZ 9-+-/DC�i[7�3��k,�;5BDC�/DCJ]a;�35.0/ 6D+-/8Za+-/DdCJ/4C_35d�=�>@.�3 EGF�� I2X��	 �'
�k�Y��� � ��� �  r¡ ¢t£?¼�½"!��o|4���az�zY|kwWx�y���¡P¢%� � x8��~�®aw_xty2���W|4�tz�y�¤�bwjx��a���`�Ay���|a¤fy�~�w_x��bwj|k�{yr¨8wW�_y�¤f�$#��^�t� � �&%('�) ' ½ ' ®
~W�t�T·
* y��rwhwW|jw_xty��r|4��~5w_�_�a���DwJ~����¥«�¬A�t�,+a£U®D�k����}���wWxfwWx�y��a�t�T��wW�^|a�Y�kz�r|4���T��wW�^|a�

�.-�½JÆ/-�½"!/- ½r¿0-�Å ��1b£�k�Y��}�xty��_y[|4�tz�¶Âw_xt�Wy�y��b�kz^�ty0~�|k��½ ' ®Y�Y�k¤fy�z^¶�½ ¿ ®P½ ! ®P�k����½ Æ�k�_yc�kz^z�|b}{y�� �32 y��_yj�:w��t|kw?�o|a��wWxtyc�4�W|4�t�\|4�_�Ty��W�^�t�s��¤f�A|4~Wy���8¶§��|a��~RwW�J�k�^�Dw_~f�^� «�¬A�2�41k£U®{wWxty ~W|az^�Tw_��|4��}{|a��z^���Ay��a�^�ay��~W��¤f�tz^¶��8¶�«�¬Y�t��­4£r� © ��~RwWy0�a�P®kwWxty�~W��¤f�tz^yr¨f�kz^�a|4�W��wWxt¤º�@~���~Wy��wW| �t�_|b�8�^�Ty��"�D��¤sy��W�@���az�~R|4z��Tw_��|4� � � xty��t���Yy����k��� z�|b}{y��z^��¤f��w_~{�o|a�{w_xty !WÆ�5 ¹���6h �7P£��t�_|a�Y�k�t�^z���w5¶¥�k�_y���z�|awRwWy0�\�^� ´��^���98�k�D�k�^��~Rw{w_xty[y�¨T�4�Uw��_y�~W�tz�w�|a�TwJ�k�^�ty��Â��~W�����fwWxty[¤f|T�Ty�z ���;:�Å�<G�
= z^y��k�_z^¶a®AwWxtyf�a���T�:w_��|4���kz��r|4��~RwW�J�k�^�4wJ~��^¤f�Y|D~Ry0� �8¶��a�_|a�t�����t�wWx�y?�Y~W~W�^|a�f�t�_|a���a�t��z^��wW�^y�~h�a~��^�¥´����Y�4µL�t�_|8�t���ry{wW�^�axDwª�A|a�t�Y�t~|a�fw_xty���°�±8² �0³ ��� ± £h�b�az��ty0~�®4�t�Tw{�t|��Ty�w_�a��z@~��a�Y|4�TwªwWx�y��Y~_~R�^|a�¤f|T�Ty�z �Ay�¶4|a���\wWx�y[�r|a�Y�T�:w_��|4��~?�^��«�¬A� �41b£{}{y��_yL�Wy0¬4�����_y��P�© w��@~[�^�4w_y��_y�~RwW�^�t��wW|"�t|kw_y¥wWxY�bw[w_xty\y�¨T�4�Uw����kz@�r�tz@�bw_��|4�¦���´����Y�	8»�_y��4�Jxty�~¥�a�����o|az^z^|b}�~fwWxty"�t�t�Ay�� �Y|4�t�����o|a�Â� ±?>
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